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Abstract
The fertiliser value of human urine has been examined on several crops, yet little is known about its effects on key
soil properties of agronomic significance. This study investigated temporal soil salinization potential of human urine
fertiliser (HUF). It further looked at combined effects of human urine and wood ash (WA) on soil pH, urine-NH3
volatilisation, soil electrical conductivity (EC), and basic cation contents of two Acrisols (Adenta and Toje series)
from the coastal savannah zone of Ghana. The experiment was a factorial design conducted in the laboratory for 12
weeks. The results indicated an increase in soil pH by 1.2 units for Adenta series and 1 unit for Toje series after
one week of HUF application followed by a decline by about 2 pH units for both soil types after twelve weeks. This
was attributed to nitrification of ammonium to nitrate leading to acidification. The EC otherwise increased with HUF
application creating slightly saline conditions in Toje series and non-saline conditions in Adenta series. When WA
was applied with HUF, both soil pH and EC increased. In contrast, the HUF alone slightly salinized Toje series, but
both soils remained non-saline when WA and HUF were applied together. The application of WA resulted in two-fold
increase in Ca, Mg, K, and Na content compared to HUF alone. Hence, WA is a promising amendment of acid soils
and could reduce the effect of soluble salts in human urine fertilizer, which is likely to cause soil salinity.
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1 Introduction
Human urine has been used for diverse purposes from
ancient times till date. Recently it has gained popu-
larity because it contains high concentrations of major
plant nutrients including nitrogen (N), phosphorus (P)
and potassium (K). The urine-N content reported in lit-
erature ranges from 700 mg/L to over 900 mg/L, 500–
650 mg/L for P and while K is about 500–800mg/L
(Heinonen-Tanski & van Wijk-Sijbesma, 2005; Kirch-
mann & Pettersson, 1995). However, the composition
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and nutrient content of human urine are strongly de-
pendent on the nutritional quality of food consumed,
to a less extent on its human source and living condi-
tions, location, (Vinnerås & Jönsson, 2002; Höglund,
2001; Drangert, 2000), health conditions (Alters & Al-
ters, 1996), ambient temperature, liquid intake (Jöns-
son et al., 2004), and nature of physical activity (John-
son, 2008). Many crops have been fertilised with hu-
man urine yielding impressive results which show that
its fertiliser value is comparable to inorganic fertilizers
(Pradhan et al., 2010, 2009, 2007; Sridevi et al., 2009;
Mnkeni et al., 2008; Heinonen-Tanski et al., 2007;
Guzha et al., 2005). Other studies have focused on the
health risks of human urine with regards to pathogens,
pharmaceutical residues and trace elements (Winker
et al., 2009, 2008; Vinnerås et al., 2003; Höglund et al.,
2002; Schönning et al., 2002). These studies have so
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far shown that human urine as a fertiliser, has almost no
trace elements, and is safe for use after proper storage.
However, the effect of human urine fertiliser (HUF) on
soil properties both in short and long terms has received
less attention. HUF has diverse ionic composition (e.g.




3 ). Besides, the ma-
jor source of soluble salts is NaCl. Thus, the use of
HUF could cause soil salinization. Electrical conductiv-
ity (EC), a measure of soil salinity, is caused by the pres-
ence of excess chlorides (Cl−) and sulphates (SO2−4 ) of
Na+, K+, and NH+4 ions or Mg
2+ and Ca2+ ions (Kolek
& Kozinka, 1992). Soil salinity is categorised into four
classes according to crop tolerance: (1) non-saline soils
(EC < 2 dS m−1) have negligible effects on crop produc-
tion, (2) slightly saline soils (EC 2–4 dS m−1) affect the
yield of very sensitive crops, (3) moderately saline soils
(EC 4–8 dS m−1) restrict the growth and yield of many
crops while (4) highly saline soils (EC 8–16 dS m−1)
can only support the growth and yield of tolerant crops.
Above an EC value of 16 dS m−1 only few and very tol-
erant crops can survive (Richards, 1954). To avoid fur-
ther soil salinization, it is imperative to take a critical
look at the effect of applying HUF on soil pH and EC in
different soil types and at different spatial scales.
Until now, few studies on agronomic trials have
showed the effect of HUF on soil pH and EC. For in-
stance, Mnkeni et al. (2008) observed an increase in
soil EC and a decrease in soil pH following HUF ap-
plication on Cambisols (young soils). On the contrary,
Ndzana & Otterpohl (2009) reported a decrease in EC
(0.2 to < 0.1 dS m−1) and an increase in soil pH (4 to
5) for Anthrosols (a mixture of soil and organic matter);
whereas Pradhan et al. (2009) found increases in both
soil pH and EC in Anthrosols when HUF was applied.
Although the nitrification of urine-NH+4 could decrease
soil pH, other edaphic factors, urine properties and plant
characteristics could dictate the chemical dynamics in
soils following HUF application.
In contrast to HUF, wood ash (WA) has abundance of
Ca and K and significant amounts of Mg and P, but has
a low N content (Pradhan et al., 2009; Huotari et al.,
2008; van Ryssen & Ndlovu, 2004; Erich, 1991). Even
though WA is reported to contain about 50 % calcium
carbonate equivalent (CCE), the chemical strength of
commercial liming materials and neutralises soil acid-
ity (Park et al., 2004; Demeyer et al., 2001; Naylor &
Schmidt, 1986), its nutrient content is also variable de-
pending on the source and combustion process for its
production. Meanwhile, in the tropics, crop production
is affected by several factors including limiting growth
conditions of the soils. According to Sanchez & Sali-
nas (1981), low chemical soil fertility alone represents
over 50 % of all soil constraints in this region. This
phenomenon is partly because tropical soils are highly
weathered and are associated with low cation exchange
capacity (CEC), high acidity and low base saturation.
In this case, the high element content in WA could be
utilised to improve the fertility of these soils. It could
supplement the nutrients in HUF to boost crop produc-
tion, and improve the base status of the soils. Wood
ash could also influence rhizosphere chemical dynamics
and could possibly reduce the effects of Na salts from
HUF application. Studies have shown that WA amended
Ultisols produced high biomass in rye grass compared
to lime treatments (Voundi Nkana et al., 1998). In
US, wood ash applied with N fertilizer augmented grain
yield and biomass of barley by >50 % in a green house
study), canola oil seed yield by 124 % on field trials on
Eutrochrepts and Boralfs (Patterson et al., 2004). In
Spain, the number of kiwi fruits increased by 45 % on
a Dystric Cambisol (Merino et al., 2006). Wood ash
also influenced P availability on a soil-compost mixture
and on a Haplic Luvisol (Muse & Mitchel, 1995; Lopez
et al., 2009). Solid fuels like firewood and charcoal are
the major energy sources in Ghana. According to Duku
et al. (2011), these fuels constitute 64 % of total energy
consumption in the country. Charcoal is most preferred
and its use is rising (Duku et al., 2011) probably be-
cause it is relatively more convenient than firewood and
produces less smoke. The Ghana government strongly
promotes the use of Liquefied Petroleum Gas (LPG), but
shortages and cost remain great constraints for its use by
the populace. Hence, WA from kitchens forms a reason-
able component of municipal solid waste which could
be used as a fertiliser supplement to replenish soil nutri-
ents for crop production.
On the other hand, the Valley View University (25 km
from Accra) implemented an ecological plan in 2003
where human urine is easily separated through urine-
diverting toilets. The urine is used to fertilise tropical
fruit trees and cereals. Soil analyses from the plots (af-
ter harvest) showed that the HU fertilised plots had the
lowest EC compared to control (Yemofio, 2011, unpub-
lished). These findings, together with those in literature
propelled this study, which was designed to study fur-
ther into the dynamics of HUF in soils. Wood ash was
incorporated into the project to examine both the indi-
vidual and combined effects of WA and HUF on soil
pH and EC. We hypothesised that soils respond differ-
ently to HUF and WA application. Consequently, (a)
the effect of HUF on soil pH and EC will vary with soil
type, (b) the combined application of WA with HUF
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will enhance the cation content and reduce the effect
of Na salts on soils, (c) when WA is applied early, it
could stabilize soil pH before HUF application to re-
duce any eventual NH3 losses. Hence our objectives for
this study were to: (1) investigate the effect of WA and
HUF application on soil pH and electrical conductivity
on two Ghanaian soils, (2) evaluate the effect of WA ap-
plication on soil EC, pH and urine-NH3 volatilization
from the soils, and (3) assess the combined effect of WA
and HUF application on exchangeable cation content of
the soils. This paper presents the outcome of the study
which showed that HUF increased EC and decrease soil
pH after twelve weeks of application.
2 Materials and methods
2.1 Site description and soil sampling
To analyse the impact of HUF and WA on soil prop-
erties, Toje and Adenta soil series at the University of
Ghana farm located at 05°39’03” N 00°11’13” W in the
coastal savannah zone of Ghana were used. The soils
are Ferric Acrisols (IUSS Working Group WRB, 2006).
The annual rainfall of the area is about 800 mm per an-
num while the average minimum temperature range is
21–23°C and the average maximum is 30–35°C. Toje
series is located at the upper middle slope of the Legon
hill and is used for arable crop production, while Adenta
series is at the foot slope and is used for vegetable pro-
duction by the Crop Science Department. However, at
the time of sampling in March 2011 the sites were on
fallow. In March 2011, five soil cores were taken at
20 cm depth within a 10× 10 m frame and composited.
Soil samples were air-dried and passed through 2 mm
sieve to obtain fine earth fraction, which was used for
the experimental studies and laboratory analyses of se-
lected soil properties.
2.2 HUF and WA collection
The author’s urine was used for the study. Medica-
tion was avoided during the period of urine collection
to exclude pharmaceuticals. Fresh urine was also not
added from the start of storage. The HUF was stored in
a tight container at an average temperature of 30°C for 3
months before use. Wood ash was collected from some
local food vendors in the Accra Metropolitan Assem-
bly. The major sources of firewood used by the vendors
are mostly wood waste from wood and building con-
struction and timber processing industries as well char-
coal. The WA was stored for 2 months and sifted with
a 2 mm sieve before use. The water content of the ash
was 0.5 %.
2.3 Sample analyses
The soil samples were analysed using the Kjeldahl
method for total N, the Walkley and Black method for
organic carbon OC (Walkley & Black, 1934), NH4OAc
to extract exchangeable cations. The soil pH in water
and in KCl (only for non-incubated soils) and EC were
measured in 1:2 soil-solution ratio using H1 9017 Mi-
croprocessor pH Meter (Hannah Instruments, UK) and
Jenway PCM3 Conductivity Meter, respectively. We de-
termined both water soluble and acid soluble elements
in WA for comparison since most WA analyses use pure
acids or extraction solutions such as Mehlich 3 extract
(Mehlich, 1984). The basic cations (Mg, Ca, K and
Na) in WA were determined by extraction with water
and 3N H2SO4 acid in 1:5 ash-solution ratio. Calcium
and Mg were analysed using Atomic Absorption Spec-
trometer (Perkin Elmer AAnalyst 800, Germany) while
K and Na were analysed by flame photometry (Jen-
way PFP7, UK). The N components in HUF were anal-
ysed with Kjeldahl method with Devarda’s alloy (Liao,
1981). HUF was diluted with water and with concen-
trated H2SO4 acid in 1:1 ratio followed by analysis for
Ca, Mg, K, and Na in the same way as WA (Table 1 and
Table 2).
2.4 Experimental design
There were two experiments in 2×4 factorial design.
An extrapolation was made from some assumptions and
used as the basis for the HUF and WA applications
rates which include: (a) most farmers and field agri-
cultural officers (in the tropics) who are involved in
agricultural technology transfer to farmers have limited
access to laboratory services for the determination of
nutrient contents in HUF and WA, (b) NH3 volatiliza-
tion occurs during the handling and application of HUF,
(c) N content in HUF is variable, (d) HUF applica-
tion rates recommended by Jönsson et al. (2004) and
Kvarnstrom et al. (2006) are based on crop type and
on local fertilizer recommendations, and (e) application
rates used for HUF and WA in literature range from 50–
1400 kg N ha−1 and 3–20 t ha−1 respectively. It was also
necessary to use HUF volume that could give quantifi-
able results from the NH3 volatilization experiments.
The soils were incubated in the laboratory for twelve
weeks at an average temperature of 30°C. Soils were
watered every other day as would have been done in the
presence of plants. The first experiment was to study
the effect of HUF on soil pH and EC while the second
experiment was an acid trap (4 % boric acid) to capture
NH3 gas for subsequent titration with 0.005 M H2SO4.
In both experiments HUF was applied once to the soil.
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Table 1: Selected characteristics of soils and wood ash used for the study.




(g cm−3) Total-N OC (%)
Adenta series 5.71 0.06 1.40 0.43 0.40
Toje series 5.62 0.12 1.43 0.45 0.79











Water 13.81 59.35 35.85 3.60 23.00 41.00
Acid – – 80.65 46.40 80.00 95.50
Ash-water/acid (1:5), soil-water (1:2),
EC: Electrical conductivity, BD: Bulk density, OC: Organic carbon, "–": not measured






Nitrogen (g L−1) Basic cations (g L−1)
NO3-N NH+4 -N TN Ca Mg Na K
Conc. Urine 9.01 25.87 3.78 – – – – – – –
Water – – – 0.51 0.51 3.93 0.018 2.7 × 10−3 4.0 0.6
Acid – – – – – – 0.018 0.02 2.0 1.0
1 EC and pH were measured in concentrated human urine, OC: organic carbon, "–"= not measured
2.4.1 Experiment 1: Effects of HUF on soil pH and
EC
This experiment consisted of two soil types as speci-
fied in section 2.1 with four treatments and three repli-
cates each. Two hundred grams of soil were placed
in polythene bags. The treatments used were: control
(0 mL), 10 mL, 15 mL, and 20 mL HUF in three repli-
cates. These translate into 0, 182, 273, and 364 kg N
HUF ha−1 for Toje series and 0, 186, 279, and 372 kg
HUF N ha−1 for Adenta series. The required volume
of HUF was diluted with deionised water in a 1:1 ratio.
It was then mixed with the soil and watered to 18 %–
20 % moisture content. The samples were monitored
and watered every other day. A week later, the soils
were homogenised and scooped with a 25 mL cup into
50 mL beakers for measurement of soil pH alone. Af-
ter 12 weeks of HUF application, soil pH and EC were
measured.
2.4.2 Experiment 2: Effects of WA and HUF on soil
pH, EC and NH3 volatilisation
This experiment was designed to examine the volatil-
isation of ammonia after the application of HUF. It is
similar to the experiment of section 2.4.1 except that
WA was applied one and two weeks before HUF. The
four treatments used were: control (0 mL HUF), 20 mL
HUF + WA applied two weeks before HUF (WA2wk),
and 20 mL HUF + WA applied one week before HUF
(WA1wk). Six hundred grams of soil each were placed
in transparent 1.48 L containers made of plastic. The
HUF and 2.495 g WA were applied to the soil. The ap-
plication rates for WA were 11.9 t ha−1 and 11.6 t ha−1
for Toje and Adenta series, respectively. Fifty-millilitre
beakers containing 20 mL 4 % boric acid with indicator
(0.66 g methylene blue and 0.13 g methyl red dissolved
in 96 % alcohol) were placed in each container by hang-
ing with a string above the soil surface. The contain-
ers were tightly closed to trap NH3 gas by preventing it
from loss to the surround atmosphere. To avoid inter-
ruption in the incubation, a second set of soil samples
was placed plastic bags to monitor soil pH and EC after
WA and HUF application. Each plastic bag had 150 g of
soil. Equivalent rates of HUF and WA were applied to
the soils. The soil pH and EC were measured one and
twelve weeks later.
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2.5 Data processing
The data were tested for normality using
Kolmogorov-Smirnov and Shapiro-Wilk tests in
SPSS 16.0. Homogeneity of variances was checked
with Levene’s test of equality of error variances.
Two-way ANOVA was performed using General Linear
Models. Where the homogeneity of variance was
violated even after data transformation, Dunetts T3
in SPSS was used to compare the means. This was
particularly the case for EC of WA and HUF treatments
at twelve weeks. Differences between the means were
compared by Tukey posthoc tests.
3 Results
3.1 Nutrients in HUF and WA
The chemical analyses showed that both HUF and
WA had alkaline pH. The total N content of HUF
was 3.93 g/L. The element content in HUF was much
less than in WA (Table 1 and Table 2). The or-
der was Na>N>K>Ca=Mg while that of WA was
K>Ca>Na>Mg both in acid and in water extracts.
There was more K and Ca in water and more K, Ca,
and Na in acid.
3.2 The effects of HUF on soil pH and EC
A two-way ANOVA was conducted to examine the
effect of soil and HUF treatment on soil pH and EC.
There was a significant interaction between the effects of
soil type and HUF treatment levels on soil pH after one
week of HUF application (F (3, 16)= 3.405, p= 0.043)
(Table 3). The main effect showed that HUF signifi-
cantly influenced soil pH (p= 0.0001), but there were no
effects of soil type (p= 0.248). The soil pH increased
significantly (p< 0.0005) with the volume of HUF ap-
plied one week after application. The highest soil pH
was obtained from the highest HUF application whereby
pH increased by 1.2 units for the Adenta series and by
1 unit for the Toje series compared to un-incubated soil
pH of 5.7.
After twelve weeks of HUF application, the soil pH
dropped to around 4 (p= 0.432). Moreover, there was no
significant interaction between HUF and soil type (Ta-
ble 3). However, there were significant effects of soil
type on soil pH (p= 0.005) where the average soil pH
of Adenta series was about 4.5 while that of Toje series
was about 4.6. Tukey posthoc tests showed no signifi-
cant differences between HUF treatments (p> 0.05). An
unusual observation in the experiment was the change in
both soil pH and EC for the control treatments. Soil
pH prior to incubation was pH≥ 5.6 while EC was
≤ 0.1 dS m−1 (Table 1). When the soils were incubated,
soil pH had dropped below 5 and EC increased above
0.2 dS m−1.
The EC of the soil was only measured at the end
of twelve weeks of incubation and it increased with
HUF application rates. There was no significant in-
teraction of soil type and HUF treatment (p= 0.132).
The soil type had no significant influence (p= 0.962)
on EC whereas HUF treatment had significant effects
(p< 0.0005). Tukey test showed significant differ-
ences (p< 0.05) between the HUF treatments (Table 3).
At the highest HUF rate, EC reached 1.8 dS m−1 and
2.0 dS m−1 for Adenta and for Toje series, respectively.
3.3 Effects of WA and HUF on EC, soil pH and NH3
volatilisation
This experiment was monitored for urine-NH3
volatilization three hours after HUF was applied. There
was no sign of NH3 loss (no colour change of acid trap).
The monitoring continued the next day, two days later,
and then a week thereafter without sign of NH3 loss.
Therefore the soil pH at that time was measured (Table
4) and the soils were discarded.
Following one week of HUF application there were
no significant interaction of soil type and treatment
(HUF and WA, p= 0.516) on soil pH, and no significant
effect of soil type (p= 0.086). Conversely, significant
effects of treatments on soil pH were observed (p< 0
0001). The soil pH rose above 7 (Table 4). The highest
pH was obtained from WA applied a week before HUF;
7.9 for Adenta series and 8.1 for Toje series at 20 mL
HUF. Tukey posthoc tests showed significant differences
(p< 0.0005) between all treatments except between the
WA treatments (p= 0.199) which had a pronounced ef-
fect on soil pH by raising it to values above 7 (Table
4). Twelve weeks later, there was still no significant
interaction of soil type and treatment (HUF and WA,
p= 0.058). However, a significant effect (p= 0.0001)
of treatment was observed. The average soil pH was
decreased to about 7 for WA treatments. Tukey test
also showed significant differences between treatments
in both soil types (Table 4).
The soil EC showed significant interactions
(p= 0.010) between soil type and treatments, sig-
nificant effects of treatments on EC (p< 0.0001),
but not of soil type (p= 0.674) after one week. The
highest EC was 2.2 dS m−1 for Adenta series and
1.6 dS m−1 for Toje series (Table 4). Twelve weeks
later, no significant interaction was observed between
soil type and treatments, but there were significant
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Table 3: Effects of human urine fertiliser soil pH and electrical conductivity (EC) after one
and twelve weeks of HUF treatment (mL).
HUF treatment (mL)
Mean soil pH EC (dS m−1)
Week 1 Week 12 Week 12
Adenta series
0 3.9 ± 0.06 d 4.4 ± 0.02 a 0.4 ± 0.04 d
10 5.5 ± 0.29 c 4.1 ± 0.12 a 1.4 ± 0.06 c
15 6.4 ± 0.10 b 4.2 ± 0.29 a 1.7 ± 0.20 b
20 6.9 ± 0.18 a 4.5 ± 0.23 a 1.8 ± 0.12 a
Toje series
0 4.1 ± 0.11 d 4.6 ± 0.01 a 0.8 ± 0.04 d
10 5.4 ± 0.11 c 4.5 ± 0.33 a 1.1 ± 0.06 c
15 6.4 ± 0.03 b 4.7 ± 0.33 a 1.6 ± 0.20 b
20 6.6 ± 0.09 a 4.5 ± 0.12 a 2.0 ± 0.12 a
F(3, 16) 3.405 1.413 2.165
P 0.043 0.275 0.132
Mean values (n=3 ± SD), F and P values were obtained from two-way ANOVA.
Means followed by the same letter do not differ significantly from each other (Tukey 0.05).
Table 4: Effects of wood ash and human urine fertiliser on soil pH and EC.
HUF treatment (mL)
Mean soil pH EC (dS m−1)
Week 1 Week 12 Week 1 Week 12
Adenta series
Control 5.2 ± 0.04 d 4.4 ± 0.12 a 0.2 ± 0.00 a 0.3 ± 0.04 d
HUF 6.2 ± 0.28 c 4.3 ± 0.13 a 0.7 ± 0.10 b 1.1 ± 0.05 c
WA1wk 7.9 ± 0.11 a 7.2 ± 0.14 a 1.8 ± 0.20 c 2.0 ± 0.08 a
WA2wk 7.7 ± 0.07 b 7.2 ± 0.23 a 2.2 ± 0.20 d 1.8 ± 0.23 b
Toje series
Control 5.3 ± 0.19 d 4.7 ± 0.13 b 0.2 ± 0.01 d 0.4 ± 0.03 c
HUF 6.2 ± 0.14 c 4.5 ± 0.12 b 0.6 ± 0.10 c 1.2 ± 0.24 b
WA1wk 8.1 ± 0.05 a 7.1 ± 0.01 a 1.2 ± 0.15 b 1.8 ± 0.03 a
WA2wk 7.9 ± 0.27 b 7.3 ± 0.05 a 1.6 ± 0.25 a 1.8 ± 0.27 a
F (3, 16) 0.792 3.071 5.325 0.835
P 0.516 0.058 0.010 0.494
Mean values (n=3 ± SD) with standard deviation. F and P obtained from ANOVA. Means
followed by the same letter do not differ significantly from one another (Tukey 0.05).
WA2wk: WA applied two weeks before HUF application, WA1wk: WA applied one week before
HUF application, 20 mL HUF applied.
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effects (p< 0.0001) of treatments. The Dunetts T3 test
showed significant differences (p< 0.0001) between all
treatments except the WA treatments (p= 0.822) which
resulted in EC of >1.5 dS m−1 for both soils. There was
an interesting trend in EC the of Adenta series, resulting
in a decrease from 2.2 dS m−1 at week one to 1.8 dS m−1
at week twelve. For the Toje series, the EC remained at
1.8 dS m−1 for both WA treatments.
3.4 Effect of WA and HUF application on exchange-
able cation content
There were significant interactions between soil types
and treatments (p< 0.0001). When HUF was solely ap-
plied to the soils, the cation content increased in both
soils compared to the controls (Table 5). Furthermore,
the application of wood ash had doubled the cation con-
tent for both soils.
4 Discussion
The pH of the stored HUF was alkaline. This is in
agreement with what Akpan-Idiok et al. (2012) and
Sakthivel et al. (2012) found. Hydrolysis of urine-urea
to NH+4 during storage accounts for the alkalinity of
stored HUF (Kirchmann & Pettersson, 1995). The
element content of WA was higher than that found in
HUF as reported by Germer et al. (2011) and Akpan-
Idiok et al. (2012). In both cases, the element content
was variable and largely dependent on the source. The
Mg and K contents in acid-urine solution (Table 2)
were higher than those of water-urine solution. This
is attributed to acid dissolution and release of the
elements into solution from struvite ((NH4)Mg[PO4]
· 6H20), a precipitated phosphate compound in stored
urine following urea hydrolysis (Ikematsu et al.,
2007; Ronteltap et al., 2007). Similarly, the acid
extractable elements in WA were also higher than water
extractable elements due to the presence of minerals
which are not readily water-soluble. According to
Demeyer et al. (2001), Ca, Mg and K are the most
acid-soluble elements in WA. Mineralogical analysis
of WA showed the presence of CaCO3, fairchildite
(K2Ca(CO3)2), CaO, MgO, quartz, periclase, bas-
sanite, siderite and dolomite (Sakthivel et al., 2012;
van Ryssen & Ndlovu, 2004; Misra et al., 1993). A
review by Demeyer et al. (2001) also indicated the
presence of Riebeckite ((NaCa)2(FeMn)3Fe2(SiAl)8),
portlandite (Ca(OH)2, calcium silicate (Ca2SiO4),
hydrotalcite (Mg6Al2CO3(OH)16 · 4H2O) serandite
(Na(MnCa)2Si3O8(OH)). With this composition of
WA, strong extraction solutions were required to obtain
significant results. In this study, Ca and K were domi-
nant in WA followed by Na and Mg. This in accordance
with what Park et al. (2004) and van Ryssen & Ndlovu
(2004) found in their studies on WA. However K was
higher than Ca, Mg and Na. This is contradictory to
other studies which reported high Ca content. It sug-
gests the possible influence of combustion temperature
(Misra et al., 1993), which might have produced more
potash as shown in the high WA pH (Babayemi et al.,
2011; Onyegbado et al., 2002; Kuye & Okorie, 1990;
Nwoko, 1980). More so further studies will be required
to elucidate factors that account for the dominance of
Ca and K in WA.
According to our experiment of urine alone, soil pH
increased with increasing HUF application rate. After
one week of application the pH was above 6 for both soil
types. This increase can be attributed to the initial depo-
sition effect of urine-NH+4 (Monaghan & Barraclough,
1992). By the twelfth week (end of experiment), the
pH had dropped to 4.5 for the highest HUF volume ap-
plied. The decrease is attributed to nitrification of urine-
NH+4 which is associated with soil acidification. On the
contrary, HUF application increased soil pH (Ndzana &
Otterpohl, 2009; Pradhan et al., 2009). Soil acidity is
influenced by a balance of processes that produce and
consume H+. In tropical soils, cation precipitation as in
the case of Al3+ and water, and also deprotonation of
pH-dependent charges affect soil acidity (Tisdale et al.,
Table 5: Enrichment of basic cations (means ± SD, cmolc kg−1 soil) in the soils after wood
ash and human urine fertiliser application.
Soil type Control HUF * WA1wk WA2wk
Adenta series 4.6± 0.21 d 5.4± 0.52 c 11.9± 0.22 a 11.7± 0.00 b
Toje series 5.3± 0.31 d 5.8± 0.32 c 12.9± 0.24 b 14.3± 0.09 a
* 20 mL of HUF applied in all treatments.
Different letters within soil indicate significant differences of treatments (Tukey0.05)
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2002). In the presence of plants, differences in nutri-
ent uptake, as well as the rhizosphere could cause vari-
ations in soil pH even in the same soil. This is because
the rhizosphere is known to modify pH by releasing H+
or OH− ions into the surrounding environment to main-
tain electroneutrality (Tisdale et al., 2002), soil pH de-
creases when plants receive NH+4 . Besides, the excess
base to nitrogen ratio (EB/N) is also said to influence
acidity formed by nitrification. For instance, plants with
EB/N ratio <1 decrease acidity formed by nitrification
and vice versa. Hence plants of the grass family with
EB/N ratio of 0.43 and 0.47 only acidify 43 and 47 % N
uptake respectively (Tisdale et al., 2002).
The EC also increased with increasing HUF applica-
tion rate. The highest EC was observed in 20 mL HUF
volume for both soil types (Table 3). This is in agree-
ment with the results of Mnkeni et al. (2008). Prad-
han et al. (2009) also had similar results in soil grown
with tomatoes. Mnkeni et al. (2008) observed that the
increase in EC varied with plant type and application
rate. For instance, they found that with HUF applica-
tion rates of 160 mL HUF/5 kg soil (400 kg N ha−1) and
270 mL HUF/5 kg soil (800 kg N ha−1), the EC had al-
ready reached the threshold level for saline soils (>4
dS m−1), and EC in soils grown with beetroot and car-
rot were 4.90 and 13.40 dS m−1, respectively. For our
study, there were no interaction effects of soil type on
EC after twelve weeks of HUF application. However, in
practical terms, 20 mL of HUF created slightly saline
conditions in Toje series which can affect the growth
and yield of very sensitive crops. With an EC value of
less than 2.00 dS m−1 Adenta series remains non-saline
and will thus have negligible effects on crop produc-
tion (Richards, 1954). On the contrary, Ndzana & Ot-
terpohl (2009) found that EC decreased with increas-
ing HUF application rate in a carbon-rich soil medium.
With the observation of other authors, it can be con-
cluded that different crops grown on the same soil type
will yield variable changes in EC and soil pH follow-
ing HUF application. From the agronomic trials it was
observed that, with the grass family there were less ef-
fects of HUF applications on soil EC compared to the
non-grass plant species. Maize roots for instance, secret
exudates with high concentrations of amino acids and
carbohydrates (Kolek & Kozinka, 1992). It is therefore
possible that the organic carbon content in soil also af-
fects EC and soil pH. Apart from crop and soil effects,
HUF composition which is variable, could also account
for the variations in EC changes following its applica-
tion to soil. The crop type, soil type and HUF composi-
tion should therefore be taken into consideration in HUF
application.
The observed decrease in soil pH and increase in EC
of control treatments could be attributed to watering of
soil, a simulation of watering of plants. This created
relatively continuous moisture conditions during the en-
tire period of incubation as compared to air-dried soils
which had been shaken in water for only half an hour
prior to pH measurement.
The NH3 volatilization experiment showed no NH3
loss from the soils applied with HUF after WA treat-
ment. It is not clear what accounted for that since NH3
volatilization is controlled by soil pH, other soil prop-
erties and external environmental factors like temper-
ature (Rawluk et al., 2001; Hargrove, 1988; Kissel &
Cabrera, 1988). According to Rawluk et al. (2001)
and Koelliker & Kissel (1988), NH+4 is susceptible to
volatilization losses if present in sufficient concentra-
tion near the soil surface, and the extent of loss actu-
ally depends on weather conditions (Hargrove, 1988).
In this study, the HUF was applied by incorporating it
into the soil. Therefore the NH3 was distributed through
the soil preventing high concentrations near the soil sur-
face. Soil moisture content has been found to be the
most significant factor controlling NH3 volatilization.
Liu et al. (2007) found about 2–3 times NH3 losses in
three N sources at 20 % field capacity (FC) compared to
80 % FC. This implies less NH3 loss at high soil mois-
ture content possible due to restrictions in exchange of
gases. Even though the temperature of incubation was
favourable for volatilisation, the soil moisture content
(18 % for Adenta series and 20 % for Toje series) might
have restricted the movement of NH+4 /NH3 in the soil.
In the HUF and WA experiment, HUF alone de-
creased soil pH by more than two units after twelve
weeks. For WA treatments, there was only a drop of
about half pH unit. This maintained the soil pH at
around 7. Depending on the target pH, the CaCO3
equivalent of WA can be calculated to obtain the rate
of application. In this study, the target pH was not con-
sidered because it was incorporated into the HUF pro-
gramme to observe pH and EC response. The effect of
WA as a liming material was most significant as shown
in soil pH increases to >7. Patterson et al. (2004) noted
that WA can be a good option to improve crop produc-
tivity of acid soils to reduce Al, H+ and Mn toxicity,
because it reacts with soil faster than agricultural lime
(Demeyer et al., 2001; Muse & Mitchel, 1995; Clapham
& Zibliske, 1992). The reaction capacity stems from its
particle size, and the neutralizing power of oxides, hy-
droxides and carbonates of K and Na which are readily
soluble (Demeyer et al., 2001; Vance, 1996; Ulery et al.,
1993).
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When WA was incorporated into HUF application,
the WA treatments gave rise to the highest EC in both
soil types. The temporal reaction effect between WA
and soil might have also accounted for slightly higher
EC of WA1wk than WA2wk. There was a retrogressive
change in EC from the first to the twelfth week for the
WA treatments.
The cation content of soils can be enriched through
WA application treatments. In this study cations in-
creased by up to 158 % for Adenta and up to 173 %
for Toje through WA application compared to 16 % and
11 % for Adenta and Toje, respectively for HUF alone.
Similar results have been obtained from Arvidsson &
Lundkvist (2003) and Kahl et al. (1996) who used WA
application rates of 3 t WA ha−1 and 6, 13 and 20 t
CCE ha−1 respectively. Adekayode & Olojugba (2010)
also found significantly higher amounts of Ca and Mg in
arable soil treated with WA. The significant quantities of
Ca, Mg, Na and K in WA could offset the effects of solu-
ble salts in HUF and reduce soil EC. This was observed
in the EC of WA2wk compared to EC of WA1wk.
5 Conclusion
The results of the study indicate that soil pH and EC
increased with HUF application. While pH dropped due
to nitrification of urine-NH+4 , EC did not. Wood ash
raised the soil pH to neutral, but at that pH there was no
evidence of urine-ammonia loss from the soil. The EC
also increased with WA application but was however not
as high as with HUF alone. This could possibly be due
to some chemodynamic effects of WA. The cation con-
tent of the soils surged by two-fold when WA was ap-
plied. For the application of WA, the calcium carbonate
equivalent (CCE) should be taken into account before
use in HUF programmes for it to reduce soil acidity, in-
crease the basic cation content of soils and reduce the
EC of the soil as well. Further research is required on
several soils, WA and HUF types in the presence of dif-
ferent crop type to ascertain these findings in the long
term, especially in field conditions.
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